field leaves (non-destructive), sketched on paper, scanned and calculated using AutoCAD, which is, however, time-consuming. Also other studies were undertaken for the assessment of LAI for different crops using different digital technologies, such as: Licor LAI-2000 Plant Canopy Analyzer (Cutini et al. 1998) , digital images (Campillo et al. 2010) , WinSCANOPY analysis system (Du et al. 2017) , PAR (photosynthetically active radiation) interception mapping method (Zhang et al. 2015) , PAR quantum sensor, GaAsP photosensor (Rosati et al. 2001 ) and so forth. They also have some perplex issues. For example, Licor LAI-2000 provides B (bad) reading for sky condition, measurement variation and operator error. So far, the assessment of LAI based on the AccuPAR-LP-80-ceptometer instrument on the standing vegetables leaves has been rarely used, especially for tomato and cucumber. Using ceptometer, measurement of LAI is an easy, quick and non-destructive method which has been used to observe various agronomic (switch grass, sagebrush-steppe, rangelands, maize, giant reed etc.) physiology and vegetative growth (Finzel et al. 2012 , Francone et al. 2014 . Nevertheless, this instrument has not been used in horticultural crops such as tomato and cucumber. Thus, using a ceptometer for LAI assessment in horticultural crops remained unnoticed. Therefore, this study reported the LAI of tomato and cucumber growing periods that were influenced by water consumption.
MATERIAL AND METHODS
Experimental outline. The research was conducted in an 855 m 2 (86 m × 9.94 m) greenhouse area situated at 123°31'E and 42°09'N. The greenhouse was not equipped with the heating and ventilation system and the average temperature and humidity during the cropping period were maintained at 21.22°C and 69.96%, respectively. The soil type in the greenhouse was mainly clayloamy with 24% field capacity and 1.65 g/cm 3 bulk density. A randomized block design was used to test the influence of four water treatments, such as: full irrigation (W 1.0 ), 15% (W 0.85 ), 25% (W 0.75 ) and 35% (W 0.65 ) deficit irrigation. It means that irrigation was scheduled when available soil water holding capacity was ≤ 100%, ≤ 85%, ≤ 75% and ≤ 65%. The tomato (local cv. Ao Te You) and cucumber (cv. Maria) were planted on 26 February, 2016 using a row system. Total planted area of individual crop was 184.4 m 2 in which each treatment plot was 7.0 m long and 6.6 m wide. The row spacing of both plantations was kept 0.6 m and plant-to-plant distance was maintained at 0.4 m. The plants were irrigated using 0.2 mm thick polyethylene-type drip tube (16 mm outer diameter) at 0.3 m water dripping space, which was kept at the centre of two adjacent rows with 1.38 L/h discharge. Two types of fertilizer were applied equally in all treatments during land preparation: compound fertilizer (NPK) -375 kg/ha and organic potash -300 kg/ha. The plants were trained for vertical growth using rope.
The amount of water was estimated using equation (1) for a schedule of irrigation as follows (Nong et al. 2009 ):
Where: m -irrigation depth (mm); β f -moisture content at field capacity (%); β 0 -moisture content before irrigation (%); H -soil depth (m); ρ -soil bulk density (t/m 3 ); γ -wetting parameter (%).
The amount of irrigation was calculated into m 3 to be easily read in water-meter. Soil moisture content was determined using the gravimetric method at 20 cm soil depth. The cumulative water application depth (mm) in each treatment at different days after transplanting for both crops is illustrated in Figure 1 .
Measurement of LAI.
The LAI values were measured throughout the growing period starting at 40 days after transplanting in 3 replications in each treatment at 10-day intervals and lasted until 4 times using the AccuPAR ceptometer LP-80, Decagon Devices Germany. The ceptometer is a battery-operated menu driven device, which is used to measure light interception in plant canopies to calculate LAI. Its main components are an integrated microprocessor-driven data logger and a probe with 80 sensors. Data were collected from menu screen by inserting the probe into canopy.
For determining LAI in a destructive way, all leaves were removed separately from randomly selected 3 plants from each treatment at the last sampling date. The collected leaves (tomato, 10-12 per plant) and (cucumber, 15-17 per plant) were placed into a rectangular sketch of a white paper. Top view photograph was taken using a digital camera as presented in Figure 2 . Leaf area (LA) was determined by scanning of images through leaf area software (Chen et al. 2012) , in which the model equation (2) was used as follows: (2) Where: LA i -area of i th leaf (mm 2 ); A r -actual rectangular area on white paper (mm 2 ); N r -total number of pixel into the rectangle; N i -i th number of the leaf element. Total LA per plant was calculated by adding of all LAs. The LAI was calculated as total LA of a plant divided by the ground surface (row-row × plant-plant distance) occupied by the plant.
Data analysis. Data were statistically analysed by one-way ANOVA. Mean differences were calculated for significance by the Tukey's-b test at P < 0.05 significant level. IBM-SPSS statistics 19.0 version (New York, USA) was used to analyse the data. Regression analysis was also carried out for developing the model for LAI with water consumption. The objective of this model (Y = A + BX) was to estimate the predicting LAI in relation with water application. Where: Y, A, B and X stand for observed LAI, constant value, coefficient of variance and irrigation for the respective treatment. Coefficient of determination (R 2 ) and root mean square error (RMSE) were used to test the models for validity.
RESULTS AND DISCUSSION
Effect of treatments on LAI. The effect of water on LAI progression and one-way ANOVA results under ceptometer and destructive method at different days after transplanting for tomato and cucumber are given in Table 1 Plant Soil Environ. Vol. 63, 2017, No. 10: 461-467 reason is that in this method, leaves were separated from plants and the LAI was calculated. Hence, compared to the use of ceptometer, there was no external influence from surrounding leaves and radiation. The evolution of LAI values measured by ceptometer for tomato and cucumber are depicted in Figure 3 . The LAI for tomato in different deficit applications displayed a steep asymptotic growth with increasing water dose, while in full irrigation it displayed a mild asymptotic development (Figure 3a) . However, in cucumber all water applications had a similar influence, as shown by the mild asymptotic upright curve on LAI development except 35% deficit (W 0.65 ) application (Figure 3b ). The R 2 values were found greater for tomato (0.86 to 0.95) than cucumber (0.70 to 0.85) which indicates that tomato crop is less drought-sensitive than cucumber. In destructive method, the LAI values for both crops showed an increasing relation with the measured leaf area as depicted in Figure 4 . The power relations for tomato (R 2 = 0.95) and cucumber (R 2 = 0.97) indicated that the evolution of LAI has a highly significant correlation with the progression of LA. It also indicated that the highest LAI influenced the increased yield. It could be due to drip irrigation that was more beneficial to the plant-root system. Therefore, in the controlled environmental conditions, tomato and cucumber can grow vigorously up to certain water application deficit. It was also recognized that the AccuPAR LP-80 ceptometer could be effectively used to assess LAI for both crops.
The statistical analysis shows that the LAI values for tomato under the ceptometer method were significantly (P < 0.05) influenced by irrigation only at 50 days after transplanting. More specifically, W 0.85 shows a significant difference with all treatments. In the destructive method, W 0.65 was found significantly (P < 0.01) different than the other levels. In case of cucumber, all treatments significantly (P < 0.05) influenced LAI values except 70 days after transplanting. At 50 days after transplanting W 1.0 was found significantly different compared to the other treatments; at 60 days, it also showed significant differences. However, in the destructive method it was revealed as a nonsignificant influence.
The results clearly show that LAI indices are influenced differently by the two methods. In destructive sampling, as it is time-and labourexpensive, all leaves are needed to be harvested, which affects the total yield. In contrast, ceptometer can be used carefully avoiding the clumping error using the finite length (80 cm) of probe, which has five groups of sensors. The displayed LAI was a programme-averaged reading from five groups of sensors, which can be used to calculate the zenith angle automatically by optimizing the gap fraction (Peper and McPherson 1998) . Therefore, the ceptometer method for assessment of LAI is less biased and more valid. Model validation performance. The model equations to estimate LAI in response to water consumption under ceptometer method for tomato (equations 3-6) and cucumber (equations 8-11) and under destructive method for tomato (equation 7) and cucumber (equation 12) are listed in Table 2 . These models for calculating LAI were analysed as statistically significant (P < 0.01). In the ceptometer method, the R 2 and RMSE were obtained in an appropriate range for tomato (0.76 to 0.86 and 0.405 to 0.644) and cucumber (0.67 to 0.84 and 0.302 to 0.557), respectively, which represents the better performance. To compare, in the destructive method for tomato with all treatments, R 2 and RMSE of 0.96 and 0.118 were obtained, respectively, which also displayed the best fitting of the collected data. The polynomial relation for both methods for all treatments showed a similar curvature trend following a decline after full ground cover. The R 2 values for ceptometer (0.86) and destructive (0.97) methods were found highly significant in between the observed and predicted LAI values, as depicted in Figure 5 , which indicates the best relation of the two methods.
On the other hand, for cucumber, R 2 (0.95) and RMSE (0.754) indicated more accurate results collectively for all treatments. The polynomial relation for all treatments for both methods also displayed a curve-linear pattern which strung with an initial linear stage followed by maximum asymptotic trend at full vegetation stage, in which high R 2 for ceptometer (0.80) and destructive (0.97) method indicated the best relation, which speci- 
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Vol. 63, 2017 , No. 10: 461-467 Plant Soil Environ. doi: 10.17221/568/2017 fied the methods accuracy as depicted in Figure 6 . Likewise, Francone et al. (2014) reported that the LAI measurements with ceptometer for maize, giant reed and natural grassland exposed good performance (R 2 = 0.86, 0.92 and 0.88) and (RMSE = 0.41, 0.49 and 0.96); it endorsed the reliability of the ceptometer used. This good correlation coefficient also indicated that using a ceptometer for LAI determination in vegetable crops is appropriate. Therefore, it may be concluded that this non-destructive, indirect measurement of LAI using the AccuPAR ceptometer is appropriate for its rapid, automatic and reliable reading, and it could be used precisely in large-scale events. 
